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Magnetic excitations in SrCu2O3 : A Raman scattering study
A. Go¨ßling, U. Kuhlmann, and C. Thomsen
Institut fu¨r Festko¨rperphysik, Technische Universita¨t Berlin, Hardenbergstr. 36, D-10623 Berlin, Germany
A. Lo¨ffert, C. Gross, and W. Assmus
Physikalisches Institut, J.W. Goethe-Universita¨t, Robert-Mayer-Str. 2-4, D-60054 Frankfurt a. M., Germany
~Received 24 August 2002; published 6 February 2003!
We investigated temperature-dependent Raman spectra of the one-dimensional spin-ladder compound
SrCu2O3 . At low temperatures a two-magnon peak is identified at 3160610 cm21 and its temperature depen-
dence analyzed in terms of a thermal-expansion model. We find that the two-magnon peak position must
include a cyclic ring exchange of Jcycl /J'50.09–0.25 with a coupling constant along the rungs of J'
'1215 cm21 ~1750 K! in order to be consistent with other experiments and theoretical results.
DOI: 10.1103/PhysRevB.67.052403 PACS number~s!: 75.30.Ds, 78.30.2j, 72.10.Di
Antiferromagnetic copper oxide spin ladders have been
investigated intensively from a theoretical and experimental
point of view.1 Superconducting under high pressure2 they
form a bridge between one-dimensional ~1D! Heisenberg
chains and a 2D Heisenberg square lattice, which is also a
model for high-Tc superconductors. The magnetic ground
state of a spin ladder is surprisingly not a long-ranged Ne´el
state but a short-ranged resonating valence bond state.3 The
first excited state is separated from the ground state by a
finite energy D . The spin gap was predicted theoretically4,5
and later confirmed experimentally.6
Typical realizations of a two-leg spin ladder are the com-
pounds SrCu2O3 ~Ref. 7! and ~Sr,Ca,La!14Cu24O41 .8 The
first compound is a prototype of weakly coupled Cu2O3 spin
ladders while the latter consists of a ladder and a Cu2O edge
sharing chain part. In contrast to SrCu2O3 ,
~Sr,Ca,La!14Cu24O41 is intrinsically doped with holes. A
schematic view of the compound SrCu2O3 is shown in Fig.
1. Cu atoms, represented by d orbitals, are antiferromagneti-
cally coupled via an intermediate oxygen p orbital by
superexchange.9 The Sr atoms are located in between the
planes containing the Cu2O3 atoms. The coupling constants
along the legs and the rungs are denoted with J i and J' . The
interladder coupling is negligible to first approximation be-
cause the superexchange via a Cu-O-Cu path with a 90°
bond angle has a smaller orbital overlap than with a bond
angle of 180°.10 Thus a ladder can be considered an isolated
quasi-one-dimensional object with a Heisenberg Hamiltonian
H5J'( rungSi•Sj1J i( legSi•Sj . In the literature coupling ra-
tios J i /J';1.7–2.0 have been reported11,12 taking the
Hamiltonian mentioned above into account for analyzing the
data. On the other hand, with almost identical Cu-Cu dis-
tances in leg and rung direction7,8,13 one would expect an
isotropic ratio J i /J';1. This picture was also confirmed by
an analysis of optical conductivity data.14 Recently the inclu-
sion of a cyclic ring exchange Jcycl was suggested in order to
resolve the discrepancy between the geometrical consider-
ations and J i /J';1.7–2.0.15–17 This ring exchange can be
understood as a superposition of clockwise and counter
clockwise permutations of four spins around a plaquette
~positions ABCD in Fig. 1!. A term Hcycl5Jcycl( iKABCD
i
with KABCD 5 (SASB)(SCSD) 1 (SASD)(SBSC) 2(SASC)
3(SBSD) has to be added to the conventional Heisenberg
Hamiltonian H.18 In order to achieve the isotropic limit of
J i /J';1 a ring exchange of Jcycl /J';0.18–0.30 was
introduced.16,17
In this paper we studied the Raman spectra of the two-leg
S5 12 spin-ladder compound SrCu2O3 . In addition to
phonons we investigated the two-magnon peak in this com-
pound at temperatures between 25 and 300 K. We find that
the inclusion of a ring exchange is necessary for the under-
standing of the magnetic properties of SrCu2O3 .
Polycrystalline SrCu2O3 was grown under high pressure
as described by Lo¨ffert et al.19 The crystallographic structure
was verified by x-ray diffraction. In addition to SrCu2O3
small amounts of Sr2Cu3O5 , CuO, and Cu2O were detected.
Measurements were performed using a LabRam spectrom-
eter ~Dilor! including a grating with 600 and 1800
grooves/mm in backscattering geometry and a multichannel
charge-coupled device ~CCD! detector. An Ar1 laser spot
~488 nm! was focused by a 803 microscope objective on
FIG. 1. Schematic view of the two-leg ladder SrCu2O3 projected
on the ab plane. The Sr atoms are located in between the planes
containing the Cu2O3 atoms. The magnetic coupling constants
along the rungs and the legs are indicated by J' and J i and the
cyclic ring exchange by Jcycl . The coupling between two Cu d
orbitals is caused by superexchange interaction via an O p orbital.
PHYSICAL REVIEW B 67, 052403 ~2003!
0163-1829/2003/67~5!/052403~4!/$20.00 ©2003 The American Physical Society67 052403-1
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UWV XZY[ZYﬃ* Z^ ­dh tvV }to}V ydh bxwªubxw\tvV wd{s®b{~ztviÒtqb{eh iXÜh spjdjdipo~bo 
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x fÜs\o¾i®cfpbpwxY wis{wj½tvdoiiqtvo}V ydh bxw
ipwio¾XlV ics\o¾icpb\w½V wÒtvi¿h i~¾ty{s{wiphWdV h i¨tqÄb{¡s{wj®~bxdo }to}V ydh bxw®ipwipo¾XlV iucns\oi­jdipydV uti\j½V wÒtviÒoqV Xl\ty{swih Y
di~¾ty{s{wiph ^tvi¨cebxh V jÆgdh s\p®h V wi­jdipwpb{teiuctvi¨bxwi}tvoqV ydh bxw®jlV cfyiocfV bxw

s WY )Ùi­Xlo¾i¨cebxh V jÖh V wiucubdo}o¾iucypbxwj
tbÊtviÆh bpÄipos{wjªtviªdydyipozijdXdi®b{~tiÒtvdo¾i\iqtvoqV ydh bxwÆubxw\tvV wdddm V wph jlV wXÊgdV wjlV wXÖi äitcYﬀ)zi¿jscfi\j
Xloi½h V wiuc¨jdipwpb{teiÃtiªh b\ÄioÙg{s{wjÆi\jdXdi­b{~ÙtiÃtvdo¾iiuqtvoqV ydh bxw½bxw\tV wdddmÛwiXlh iutV wXÖgdV wjlV wXÆi ÔitcYÔV Xl\t
y{s{wiph ^Ôtvicebxh V jÃgdh s\pnh V wicuboqo¾icfypbxwj¡tbtvinh bpÄipo s{wjntindydyioäijdXdiÙb{~ tiÙt}b{qtvo}V ydh bxwubxw\tvV wdddm¨Yv)zi
js\cfij¿gdh spp¨h V wibdo}o¾iucfypbxwj{ct|b®tvintqb{}to}V ydh bxwÒgpbxdwjÃctsuteiucY )zicebxh V j¿Xlo¾i­h V wicjdiwpb{tintvih b\ipokswj
tvi¨dydyipoÄg{s{wjÃi\jdXdib{~tin~bxdo }tvoqV ydh bxw¨ubxw\tvV wdddm¨Y )Ùinjs\cfij­Xloi¨h V wijdipydV ut|cztvih b\ipokg{swjÒijdXdib{~
tvi~bxdoqtvoqV ydh bxwubxw\tvV wdddm wiXlh iutV wX­gdV wjlV wX¨i äitcY
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